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ABSTRACT
RISK ANALYSIS IN CONSTRUCTION BUSINESS
MEHMET ALİ ERSARI 
Master of Business Administration 
Supervisor; Dr. ERDAL EREL 
November 1996
In this study, the concept of risk management in construction industry is 
introduced with a presentation of the classification of risks and their possible 
counteractions. Among the three major processes of risk management framework 
(risk identification, risk analysis and risk response), risk analysis is demonstrated for 
a building construction which has a unit price contract. Probability Analysis/Monte 
Carlo Simulation is used for the analysis by means of computer software “Predict”. 
The analysis is carried out for design risks. Then, some scenarios are developed 
with certain assumptions, and the analysis is performed with financial risks and acts 
of God risks introduced. The results of the analysis show that, the cost of 
construction may vary a lot. The results are presented as probability distributions 
with comments and recommendations.
Keywords: Risk Management, Risk Analysis. Monte Carlo Simulation, Construction 
Cost.
ÖZET
İNŞAAT SEKTÖRÜNDE RİSK ANALİZİ
MEHMET ALİ ERSARI 
Yüksek Lisans Tezi, İşletme Enstitüsü 
Tez Yöneticisi; Dr. ERDAL EREL 
Kasım 1996
Bu çalışmada, inşaat sektöründe risk yönetimi kavramı açıklanmış ve riskler 
sınıflandırılarak takip edilebilecek muhtemel stratejiler ile birlikte sunulmuştur. Risk 
yönetimi modelinin esasını oluşturan üç bölümünden (riskin tanımlanması, riskin 
analizi ve karar verme), risk analizi, birim fiyat sözleşmeli bir bina inşaatına 
uygulanmıştır. Olasılık Analizi/Monte Carlo Benzetimi kullanılmış, uygulamada 
“Predict” adlı bilgisayar programından yararlanılmıştır. Analiz önce tasarım kaynaklı 
riskler için yapılmış, daha sonra belirli varsayımlarla oluşturulan senaryolarda 
finansal riskler ve doğal riskler de dahil edilmiştir. Analiz sonuçları, maliyetlerin 
oldukça değişken olabileceğini göstermektedir. Sonuçlar, yorum ve önerilerle birlikte 
olasılık dağılımları olarak sunulmuştur.
Anahtar terimler: Risk Yönetimi, Risk Analizi, Monte Carlo Benzetimi, İnşaat 
Maliyet.
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!. INTRODUCTION
Construction, like most of the other industries, has a risk in its profit structure. 
The construction process is complex and characterized by many uncertainties.
Most contractors, however, have developed a series of rules of thumb that 
they apply in dealing with risk. These rules generally rely on the contractor’s 
experience and judgment. Contractors do not usually quantify uncertainty and 
systematically assess the risks involved in a project. Even if they assess these risks, 
they do not evaluate the consequences associated with these risks.
Experience of many projects indicates poor performance in terms of 
achieving time and cost targets. Many cost and time overruns are attributable to 
either unforeseen events, which may or may not have been anticipated by an 
experienced project manager, or foreseen events for which uncertainty was not 
appropriately accommodated. It is suggested that a significant improvement to 
project management performance may result from greater attention to the whole 
process of risk management.
The term risk management applied to investment appraisal and, more 
specifically, to the construction industry refers to the assessment of and reaction to 
the risk and uncertainty that will inevitably be associated with future forecasting.
Costs are only estimates no matter how precise and reliable the data on which they 
are based.
The aim of risk management is to help parties in construction business in 
identifying, analyzing, and managing risks in a construction project, by developing 
simple, practical techniques that address risk and uncertainty explicitly, and give the 
decision maker comprehensible information on which to base his judgments.
What is risk?
Risk is a pervasive part of all actions. It would seem on the surface that the 
term risk is a simple well understood notion. However, its definition is elusive, and its 
measurement is controversial (Al-Bahar and Crandall 1990).
In the literature the word risk is used in many different meanings with many 
different words such as hazard or uncertainty. It is found that there is no uniform or 
consistent usage of the word risk in the literature. Also, most definitions of risk have 
focused only on the downside associated with risk such as losses or damages, and 
neglected the upside or opportunity such as profit or gains. But both sides of risk 
should be recognized.
Since the existing literature often uses the terms risk and uncertainty 
interchangeably it is beneficial to clarify the use of these terms. Uncertainty will be 
used to represent the probability that an event occurs; thus a certain event has no 
uncertainty. Risk can be defined as: affecting project objectives as a consequence of 
uncertainty. With this definition, risk is characterized by the following components:
The risk event, uncertainty of that event, and consequence of it. (Al-Bahar and 
Crandall 1990)
The risk event: What might happen to the detriment or favor of the project.
The uncertainty of the event: How likely the event is to occur, i.e., the chance of the 
event occurring. A sure or certain event does not create risk, although it may create 
gain or loss.
Potential loss/gain: It is necessary that there be some amount of loss or gain 
involved in the occurring of the event, i.e., a consequence of the event happening. 
We will use loss as a general term to include personal injury and physical damage 
and gain to include profit and benefit.
Symbolically, we could write this as: Risk = f(Uncertainty of event. Potential 
loss/gain from event).
From this definition, uncertainty and potential loss or gain are necessary 
conditions for riskiness. It may seem strange to refer to uncertainties about potential 
gains as risks. However, even in situations of potential gains, uncertainty is 
unattractive since the knowledge of the exact gains is unknown, and contractors are 
reluctant to give credit to an unknown gain. Moreover, risk of gain always comes with 
the risk of loss.
I.l. Thesis objective
The objective of this thesis is to introduce the concept of risk management in 
construction business, based on the frameworks of some authors and demonstrate
the application of such a framework, especially the “risk analysis” part which is 
harder to understand. A real life project will be used for the demonstration.
1.2. Thesis outline
In the second chapter, risk management in construction business will be 
explained. The frameworks of some authors about the topic will be given.
In the third chapter a simple and demonstrative method is developed for the 
application of the previously explained framework.
In the fourth chapter. The previously developed method is applied to a 
project. The project is also described briefly in this chapter. The results and 
conclusions about the application is presented.
In the fifth chapter, concluding remarks and suggestions for future work are
presented.
lI.RISK MANAGEMENT IN CONSTRUCTION BUSINESS
In construction, it is observed that the risk management function has been 
closely linked with insurance. Many contractors think of risk management as 
insurance management where the main objective is to find the optimal economic 
insurance coverage for the insurable risks.
It should be emphasized that risk management has a broader meaning and 
involves more than just insurance management. It is a quantitative systematic 
approach to managing risks, faced by contractors. It deals with both insurable as 
well as uninsurable risks and the choice of the appropriate technique or techniques 
for treating those risks.
In the context of project management, risk management is defined as; “A 
formal orderly process for systematically identifying, analyzing, and responding to 
risk events throughout the life of a project to obtain the optimum or acceptable 
degree of risk elimination or control.” (Al-Bahar and Crandall 1990)
Some writers systematized the process of risk management and established 
a generally acceptable terminology. Wideman (1986) has proposed a theoretical 
framework of a construction risk management model. With respect to this paper, Al- 
Bahar and Crandall (1990) improved and modified the conceptual model proposed
by Wideman, and converted it into a completely defined management model of risks 
in construction projects.
Some authors presented their frameworks for a risk management system in 
construction business, which are very similar to each other. In this chapter a 
comprehensive explanation of a framework about risk management will be given. 
Perry and Hayes(1985). Flanagan, Kendell, Norman, and Robinson(1987), Al-Bahar 
and Crandall(1990) give their own frameworks and hence are combined and 
presented below.
With this system particular emphasis is placed on how to identify and 
manage risks before, rather than after, they materialize into losses or claims. This 
framework is illustrated in Figure 1. The proposed system consists of the following 
four processes:
• Risk identification.
• Risk analysis and evaluation.
• Risk response
• System administration
The fourth process is introduced by Al-Bahar and Crandall (1990), while the 
others see the first three items sufficient. In fact, as will be seen later, the fourth one 
is not really a part of the model but a complementary process.
System administration
Figure 1. Risk management framework
II. 1. Risk Identification Process
Risk identification is the first process of the model. It is of considerable 
importance since the processes of risk analysis and response management may 
only be performed on identified potential risks. Therefore, the process must involve 
an investigation into all possible potential sources of project risks and their potential 
consequences. This is the most time consuming step of Risk Management and it 
requires that the analyst be systematic, experienced and creative (Raftery 1994).
Al-Bahar and Crandall (1990) defines risk identification as; “the process of 
systematically and continuously identifying, categorizing, and assessing the initial 
significance of risks associated with a construction project." The aim is to identify 
appropriate risks for each cost item. Also some of these risks may be common to 
more than one item, such as, inflation and so some interdependencies may occur. 
Al-Bahar and Crandall (1990) divided risk identification process into five steps:
1. Preliminary Checklist
The preliminary checklist of potential projects risks is the starting point for 
identifying risk, A failure to recognize the existence of one or more potential risks 
may result in a disaster or foregoing an opportunity for gain resulting from proper 
corrective action. Risk of all types that affect productivity, performance, quality, and 
economy of construction should be included.
Many contractors abroad, utilize checklists or survey questionnaires, in 
addition to their own past experience, to assist in preparing their checklist of 
potential risks. These checklist can be used as a guide or starting point for the 
development of a more accurate and precise checklist for the specific project in 
hand. Despite the fact that substantial effort has been devoted to establishing a 
systematic identification process, success is still heavily dependent upon the 
experience combined with intuition of the contractor identifying the risk.
2. Identify Risk Events/Conseauence Scenarios
The second step of the risk identification process is the definition of the set of 
credible risk events/consequence scenarios. This set represents all reasonable 
possibilities associated with the realization of the primary source of risk included in 
the preliminary checklist. The consequence can include economic gain/loss, 
personal injury, physical damage, time and cost savings/overrun. Since most risks 
that evolve in construction projects are financially related, the emphasis is the on the 
financial consequence criterion as a uniform basis of assessment. Any other criteria 
can be valued in terms of financial gain or loss.
3. Risk Mapping
In event risk mapping, a graph of two dimensions or scales is proposed to 
construct the risk map. In the first dimension uncertainty will be assessed with regard 
to the probability of occurrence. In the second dimension, risk will be assessed with 
regard to its potential severity. Such a two-dimension graph is considered an 
important representation, and will enable the project manager to asses the relative 
importance of the exposure to a potential risk in an early stage. As previously noted 
risk is a function of the interaction between uncertainty and potential gain/loss and 
the mapping function presents Iso-risk curves where each curve represents 
equivalent risks but differences in uncertainty and gain/loss.
4. Risk Classification
The purpose of classification of risks is twofold; To expand the contractor’s 
awareness about the risk involved, and to classify risks because the strategies a 
contractor adopts to mitigate them will vary according to their nature.
Al-Bahar and Crandall (1990), proposed a logical and formal classification 
scheme of risk. The proposed scheme classifies potential risks according to their 
nature and consequence. Such classification enables a fuller appreciation of the 
factors influencing the risk, its consequences, and the different parties involved. The 
proposed classification scheme is composed of six risk categories (see Table 1). The 
selected categories illustrates the diversity of risks so that contractors don’t focus on 
one type and forget others.
TYPE OF RISK CATEGORY RISK CATEGORY RISK MANAGEMENT 
STRATEGIES
Fundamental & Speculative Financial & Economic Risk Retention
- Impersonal
- Loss/Gain
- Inflation
- Foreign Currency Fluctuation
- Exchange Rate Changes
- Default by Sub-Contractors 
and Suppliers
Risk Transfer/Sharing 
Avoidance
Particular & Speculative Design Risk Transfer
- Personal
- Loss/Gain
- Inadequate Design
- Errors and Omissions
- Insufficient Detailing
- Different Subsurface 
Conditions
Avoidance
Fundamental & Pure Political & Environmental Insurance
- Impersonal
- Loss/No Loss
- Changes in Laws & 
Regulations
- War and Civil Disorder
- Expropriation
- Embargoes
- Pollution and Safety Rules
Risk Transfer
Loss Prevention and 
Reduction
Particular & Speculative Construction Related Risk Retention
- Personal
- Loss/Gain
- Weather Delays
- Labor Disputes and Strikes
- Different Site Conditions
- Defective Work
- Equipment Failure & Theft
- Labor Injuries & Accidents
Loss Reduction and 
Prevention
Insurance
Particular & Pure Physical Risk Transfer
- Personal
- Loss/No Loss
- Damage to Permanent 
Stmctures
- Damage to Material and 
Equipment in Transit
- Personal Injuries
- Fire Damage
Loss Reduction and 
Prevention
Insurance
Fundamental & Pure Acts of God Insurance
- Impersonal
- Loss/No Loss
- Flood
- Earthquake
- Fire
- Collapse and Landslide
Risk Transfer
Table 1. Risk categories and their management strategies
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5, Risk Category Summary Sheet
This is the final step in the risk identification process. The summary sheet will 
integrate the participation of all personnel involved in the project management team. 
Such participation is very important since judging the significance of any risk can not 
be delegated to a single person. As information changes or different risk exposure 
develops, the summary sheet is updated. In this way, it becomes a living picture of 
the management’s understanding of the project risks.
11.2. Risk Analysis And Evaluation Process;
It is not enough to identify risk. From the risk mapping concept, some of the 
risks identified are considered by project management to be more significant in 
monetary terms and selected for further analysis. What is needed now is to 
determine their significance quantitatively, through probabilistic analysis, before the 
response management stage. The risk analysis and evaluation process is the vital 
link between systematic identification of risks and management of the significant 
ones. It forms the foundation for decision making between different management 
strategies. Risk analysis and evaluation can be defined as a process which 
incorporates uncertainty in a quantitative manner, using probability theory, to 
evaluate the potential impact of risk. (Al-Bahar and Crandall 1990)
Data Collection
The first step in the risk analysis and evaluation process is the collection of 
data relevant to the risk exposure to be evaluated. These data may come from 
historical records that the contractor experienced in the past projects. In this case.
n
such data will be considered as objective or statistical in nature, and may be 
presented as histograms or frequency distributions.
Unfortunately, in many cases, directly applicable historical data concerning 
the risk are not available in an adequate amount, and a subjective assessment will 
be required. Contractors are generally reluctant to document or record data as they 
come from the field during construction or as the project proceeds. Even if they do 
so, the data is incomplete. Hence available data are mainly subjective in nature and 
must be obtained through careful questioning of experts or persons with the relevant 
knowledge (Perry and Hayes 1985).
Modeling uncertainty
Modeling of the uncertainty of a risk exposure refers to the "explicit 
quantification of likelihood of occurrence and potential consequences based on all 
available information about the risk under consideration." (Al-Bahar and Crandall 
1990) Likelihood of occurrence will be presented in terms of probability, and 
potential consequences will be presented in financial monetary terms.
Probability is considered an explicit way of dealing with uncertainty. It is a 
device that permits management to incorporate all the available information 
concerning the likelihood of the occurrence of a risk event into a single number. 
Adaptation of the definition of probability as a subjective judgment of opinion or 
degree of belief that the risk event will occur, will be beneficial. This allows the 
contractor to use his logic, intuition, and experience to assess probability values 
based upon all data available to him. Subjectivity, for some authors, makes this 
methodology unreliable; but an engineer should know that subjectivity is not just
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guessing, but rather combining knowledge and experience. Also, it should be 
remembered that subjectivity is present in all kinds of construction estimation.
Evaluation of potential impact of risk
Having modeled the uncertainty of different risk events, the next step is to 
evaluate the overall impact of these risks in a single global picture. This evaluation 
will combine the uncertainty of an event with the potential consequences. It is 
possible to use "expected value" theory or decision tree analysis, but among the 
analysis techniques given for risk management, sensitivity analysis and probability 
analysis are more sophisticated, and hence one of these will be used in the 
methodology. These two methods will be discussed later.
ll.3.Risk Response
Having identified ttie risk exposure, and evaluated probabilistically its 
potential financial impact, it is time to take action. The contractor will formulate 
suitable risk treatment strategies. These strategies are generally based on the 
nature and potential consequences of the risk. The objective of these strategies is 
twofold;(1) To remove as much as possible the potential impact; and (2) to increase 
risk control (Flanagan, Kendell, Norman, and Robinson 1987).
This notion of reducing the potential impact and increasing risk control is very 
important. A combination of very high financial impact and low controllability would 
represent the unfavorable extreme. Where the contractor has very high controllability 
and low financial impact represents the other extreme which can be called favorable.
In general, there are two basic approaches to managing a risk. The first is 
through measures aimed at avoiding or reducing the probability and/or potential 
severity of losses occurring. Such an approach is called risk control. The second is 
through making provisions to finance the losses that do occur. Such an approach is 
called risk finance. With this in mind, the response management process is 
composed of two steps (Al-Bahar and Crandall 1990):
• Development of alternative risk management strategies.
• Recommendations and assignment of alternative strategies to project risks.
Development of Alternative strategies:
Within the framework of risk management, there are five alternative 
strategies:
• risk avoidance
• Loss reduction and risk prevention.
• Risk retention
• Risk transfer (noninsurance or contractual).
• Insurance.
Risk avoidance: Avoidance is a useful, fairly common strategy to manage 
risk. By avoiding risk exposure, the contractor knows that he will not experience the 
potential losses that the risk exposure may generate. On the other hand, however, 
the contractor loses the potential gains (opportunity) that may be derived from 
assuming that exposure.
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If a contractor is concerned about potential liability losses associated with 
asbestos material or hazardous waste, he could avoid the risk by never acquiring 
any project that involves operations with such materials. Similarly, a contractor may 
avoid the political and financial risks associated with a project in a particular unstable 
country by not bidding on projects in this country.
Loss Reduction and Risk Prevention: The second risk management strategy 
is loss reduction and risk prevention programs. These programs are directed towards 
decreasing the contractor’s exposure to potential risk by two ways: (1) Reducing the 
probability of a risk; and (2) reducing the financial severity of risk if it does occur. For 
example, the installation of an antitheft device on construction equipment may 
reduce the chances of theft. A building sprinkler system, on the other hand, may 
reduce the financial severity caused by fire.
Loss prevention programs are considered important for two reasons. First, 
there is the effect on insurance premiums. It is known that by adopting a loss- 
prevention program, the insurance premiums are reduced significantly. Second, the 
success of a risk retention program is a direct function of the contractor’s ability to 
prevent potential risks and reduce their severity.
Risk Retention and Assumption: Risk retention is becoming an increasingly 
important aspect of risk management when dealing with project risks. Risk retention 
is the internal assumption, partially or completely, of the financial impact of risk by 
the firm. In adopting the risk retention strategy, however, it is important to distinguish 
between two different types of retention. Risk retention can either be planned or 
unplanned.
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A planned risk retention is a conscious and deliberate assumption of 
recognized or identified risks by the contractor. Under such a plan, risks can be 
retained in any number of ways, depending upon the philosophy, particular needs 
and financial capabilities of the contractor. On the other hand, unplanned risk 
retention exists when a contractor does not recognize or identify the existence of a 
risk and unconsciously assumes the loss that could occur. Another form of 
unplanned retention occurs when the contractor has properly recognized the risk 
exposure but has underestimated the magnitude of the potential losses.
Risk Transfer (Noninsurance or Contractual Transfer): In general, risk 
transfers are possible, through negotiations, whenever the contractor enters into a 
contractual arrangement with various parties such as an owner, subcontractors, or 
material and equipment suppliers.
Most noninsurance risk transfers are accomplished through provisions in 
contracts such as hold-harmless agreements and indemnity clauses or contractual 
adjustments. Adjustment in price where an extra compensation will be granted to the 
contractor if different subsurface conditions are encountered is an example. The 
essential characteristic of the contractual transfer is that the potential consequences 
of the risk, if it does occur, are shared with or totally carried by a party other than the 
contractor.
Insurance: Commercial insurance is probably the most important and 
frequently used method of handling risk that is employed by contractors. In fact, as 
mentioned earlier, many contractors think of risk management as insurance 
management. The majority of contractors rely upon insurance for serious loss 
exposures through the purchase of an insurance policy with certain deductibles.
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^gLsigP.0gOlPlMtgr>^3ti Strategies to Project Risks:
The assignment of risk-management strategies to project risks differs from 
one contractor to another and from one project to another. During the assignment 
process a contractor considers the severity of potential risk, its probability of 
occurrence, and the resources that are available to counteract the potential loss if 
the risk occurs. With this approach, the probability of occurrence ranks equally with 
the severity of risk. The purpose is not to have one set of recommendations for all 
project risks, but to recommend alternative risk management strategies which give 
better control and reduce the financial impact of risk.
In table 1, a summary of the alternative risk management strategies are also 
displayed corresponding to each risk category.
II.4. System Administration
The final phase is administering the risk-management process and as stated 
before this phase is introduced by AI-Bahar and Crandall (1990). Two important 
aspects of the system administration are considered; (1) Corporate risk management 
policy formulation and (2) Review and monitoring of the risk management model 
functions.
Corporate Risk Management Policy
In many construction firms, one can observe that the responsibility and 
attendant authority for carrying out a company’s risk management policy is still ill- 
defined. This may result in gaps in coverage, underinsurance as well as
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overinsurance, excessive premiums, and overlapping of insurance coverage. The 
first step is to set policies, procedures, goals, and responsibilities for risk 
management. Many contractors have begun to realize the need to establish a more 
formal risk management function in their organization.
A risk management policy is a formal plan, procedure, or document that 
outlines the rules within which the risk manager may operate. It provides guidelines 
for consistent actions in managing the risks. The main advantage of having such a 
definite policy is that once the guidelines are adopted, the risk manager does not 
have to restudy recurring problems before making decisions (Al-Bahar and Crandall 
1990).
Records an<lReports
Keeping appropriate records is essential for risk management function 
because these records form the basis for reports emanating from the risk- 
management function. They provide the statistical data needed in deciding on an 
appropriate course of action in regard to risk treatment. The contractor should 
maintain records from the job site that might be unique to the risks envisioned in the 
project. Such records include risk frequency, risk severity and consequences, and 
other related information.
Evaluation of the risk management in construction business is an effort to 
improve the procedures of risk identification, analysis and evaluation, and response 
management. It must be recognized that the business environment and the 
contractors operating within it are subject to constant changes. Therefore, an 
effective risk management program is not static but must be dynamic and ongoing.
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The various strategies or techniques adopted to handle project risks must be 
monitored and adjusted to compensate for changes in risk levels associated with 
changes in the firm’s operations, the business environment, and the insurance 
industry.
11.5. The Importance of the Type of Contract
The realized values usually show great differences from the estimates. These 
differences can be due to any of the factors listed in table 1. However, they 
sometimes form risks not for the contractor, but for the administration. A single event 
may form a risk item for the contractor in one project, but the same event may form a 
risk item for the administration in another project. This is due to the type of the 
contract. The project, discussed in chapter IV, is a unit price contract and therefore it 
leaves little risk to the contractor. Nevertheless, this kind of a project could be 
constructed with a lump sum agreement and would therefore leave most of the risks 
to the contractor. It is obvious that choice of the contract type is a crucial part of risk 
Management, but unfortunately for many instances the contractor firm does not have 
the chance to decide on it. Rather, the client asks for tenders for a specific type of 
contract. Risks for certain types of contracts are presented below.
Unit Price contracts: This is the most common type of contract that contractor 
firms use, as most of the clients prefer using unit price contracts. This type of 
contract allows certain changes (additions or ommisions) in the project, therefore it is 
not necessary to prepare all the details beforehand. This introduces the flexibility in 
the volume of work to be done. It is also possible to make some changes in the 
project as long as they are applied at the prices specified in the contract. There 
might occur some changes in the total cost of construction due to the changes of the
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project. The contractor should consider some risks, but is able to ask for some price 
increases for some of the materials, such as gasoline. As the unit prices are 
determined by the Ministry of Public Works at the beginning of each year, it would 
not be fair to neglect a possible increase in oil prices and continue to apply the same 
unit prices. However, an increase in the wages of the workers is definitely a risk for 
the contractor, as it is not possible to ask for an increase in unit prices in such a 
situation. The total time of construction is important in these types of contracts as the 
contractor pays a fine for an increase in the duration of construction resulting from 
his fault; although an increase in duration due to a flood, for example, is not 
penaltied. Supervision is necessary to see that the construction is proceeding in 
competence with science and art principles.
Lump sum contracts: This type of contract assigns many risks to the 
contractor. The design and all other details should be completed before the bidding. 
This limits the possibility of changes in the volume of work due to changes in the 
project. The changes realized will probably lead to disagreement. The total cost of 
construction is determined at the beginning and this gives a great advantage to the 
client. The contractor should foresee all the potential risks before the tender and 
should add a risk premium to the cost. The contractor tries to complete the 
construction as quickly as possible because the increase in duration is a risk for the 
contractor. In order to maintain a good quality of construction, continuos supervision 
is necessary.
Special contracts: In this type of contract the risk exposure for the contractor
is minimal. As the construction proceed along with the design, it is not necessary to
complete the design beforehand. The client can make changes in the project and 
these changes do not result in a disagreement. The total cost of construction is not
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determined at the beginning and the contractor does not need to show an effort to 
decrease the cost. The contractor faces no risks of price increases. An increase in 
the duration of construction due to an increase in the volume of work brings no risks 
to the contractor. Serious supervision is necessary in order to avoid excess 
increases in time and cost.
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III.METHODOLOGY
As a demonstration of risk analysis, probability analysis/Monte Carlo 
simulation will be used. As mentioned before, among other risk analysis techniques, 
sensitivity analysis and probability analysis are more sophisticated.
Both modeling techniques can be regarded as simulations. The simple 
distinction between them is that sensitivity analysis does not require a probability 
distribution, associated with each risk element. Sensitivity analysis is a deterministic 
modeling technique which primarily answers repeated "what if” questions. Probability 
analysis, by contrast, treat uncertainty explicitly. All variability factors are modeled as 
probability distributions, not as single, known values.
In addition, sensitivity analysis is a univariate approach that identifies the 
impact of a change in a single parameter value within a project with a ceteris paribus 
assumption holding all other parameters constant. The probabilistic approach, 
however, is a multivariate approach in which all factors subject to risk and 
uncertainty vary simultaneously.
There are advantages and disadvantages of both techniques. Sensitivity 
analysis has the obvious disadvantage of being univariate. It has the advantage of 
being simple and easily doable with a standard spreadsheet software on a micro­
computer.
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Probability analysis has the obvious advantage that it is multivariate, and so 
gives an overall assessment of the likely risk exposure of a project. It suffers from 
two main disadvantages. First, it is a more complicated technique requiring 
sophisticated computer software. Second, it is difficult to disentangle the risk impact 
of any one uncertain factor. Let us have a more detailed look at these two methods.
III.1. Sensitivity Analysis
Sensitivity analysis seeks to place a value on the effect of change of a single 
variable within a project by analyzing that effect on the project plan. It is a simple 
form of risk analysis.
Uncertainty and risk are reflected by defining a likely range of variation for 
each component of the original estimate. In practice, such an analysis is only done 
for those variables which have a high impact on cost, time, or economic return and 
to which the project will be most sensitive.
The effect of the change in each of these variables on the final cost or time 
criteria, is then assessed across the assumed ranges. When assessing the 
magnitude of variation, it is important to be realistic and to remember natural human 
optimism when compiling single figure estimates.
If several variables are changed, a graph of the results is a useful 
presentation which quickly indicates the most sensitive or critical variables. This 
graph is known as a spider diagram.
One weakness of sensitivity analysis, as mentioned before, is that the 
variables are treated individually. This leads to severe limitations on the extent to 
which combinations of variables can be assessed directly from the data. A further 
weakness of such an analysis is that the sensitivity diagram gives no indication of 
the anticipated probability of occurrence of any event. This can be partially 
overcome by the use of probability contours. However, these contours are subjective 
opinions of the estimator of the likelihood of occurrence. They are not 
mathematically derived. Criticism of probability contours centers on their inability to 
present a probability distribution of predicted outcomes for any risk. It has been 
suggested that a normal probability distribution could be applied to each variable to 
overcome this deficiency, possibly also providing a means of assessing cumulative 
risk of all the variables.
In spite of these weaknesses, there are also benefits of this tool. They
include:
- the pov/erful impact on management of the realization that there is a range of 
possible outcomes for a project
- decision making is made more realistic although the information on which decisions 
are made becomes more complex
- the robustness of projects to specific uncertainties can be compared
- the relative importance of each variable is immediately apparent, therefore, those 
areas which would benefit most from attempts to reduce or control uncertainty, or 
need further development work are highlighted.
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Probability analysis is a more sophisticated form of risk analysis. It 
overcomes the limitations of sensitivity analysis by specifying a probability 
distribution for each variable and then considering situations where any or all of 
these variables can change their initial values at the same time.
Defining the probability of occurrence of any specific value of a variable may 
be a difficult problem. Every project has many unique features and political, 
commercial, and fiscal environments change quickly. Nevertheless, it has been 
proven to be possible to make tentative estimates of probability distributions and 
ranges.
Essentially a distribution profile is allocated to the range which has been 
defined for the variable. A number of profiles are possible but simple ones are 
advocated in the absence of statistical data. For example, triangular distributions 
approximate to a normal distribution. Trapezoidal or rectangular distributions are 
useful in representing situations where there is no evidence that one particular value 
is any more likely than another within the prescribed range. (Perry and Hayes 1985)
Like sensitivity analysis, the range of variation is a subjective judgment. It is 
suggested that ranges for many time and cost elements of a construction estimate 
should be skewed with greater probability of over-run. It is usually suggested that the 
results, of such analysis are more sensitive to the choice of the range of variation in 
a single variable than to the shape of the probability distribution chosen for that 
variable (Perry and Hayes 1985).
III.2. P ro b a b ility  A n a lys is
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The problem of assessing how risks can occur in combination is usually 
overcome by using a sampling approach, running the analysis a number of times 
taking random values of each variable. Nguyen and Chowdhury (1985) presented 
three approaches: 1) The Monte Carlo simulation technique, 2) Determination of 
statistical moments based on a Taylor series approximation, 3) Rosenblueth’s 
method of point estimates for statistical moments. Comparisons suggest that less- 
time consuming methods can provide sufficiently accurate results for practical 
purposes (Nguyen and Chowdhury 1985).
Monte Carlo simulation is perhaps the most widely and easily used form of 
probability analysis. It makes the assumption that parameters subject to risk and 
uncertainty can be described by probability distributions. The Monte Carlo technique 
makes use of these probability distributions to generate a number of simulations of 
the desired overall cost estimate (Flanagan, Kendell, Norman, and Robinson 1987).
The outcome of this full analysis is a range over which the final solutions 
could lie, and the probability of achieving such solutions is often shown 
diagrarnatically. Results given as a statistical probability then allow individuals to 
adjust th(?ir own risk response and attitudes towards the individual project.
The analysis can either be (Perry and Hayes 1985);
• time only; allocating ranges of values to the activity durations, so giving the 
probabilities of achieving certain completion dates, and the probability of an 
activity being critical.
• cost only; allocating ranges of values to the cost for each activity or resource, so 
giving the probability of achieving pre-determined financial criteria
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• integrated; allocating ranges to time, cost, and even resource usage.
Probability analysis has had some notable successes in terms of its 
predictive ability and consequent assistance to managers in decision making. 
Nevertheless, it is prudent to regard the present stage of the art as incomplete. For 
example, the difficulties of accommodating a correlation between two or more 
variables have long been recognized but adequate techniques to manage these 
difficulties appear to be lacking. Other important issues include the choice of 
distribution, the number of variables, the range of variation, and the number of 
iterations for the statistical analysis.
It can be concluded that, probability analysis is a more sophisticated form of 
risk analysis than sensitivity analysis. Making use of a computer software overcomes 
the major disadvantage of this technique. There are some softwares available, and 
they use the Monte Carlo simulation (Willmer 1991).
The Monte Carlo method involves, simulation by means of random number 
generation. The method is conceptually straightforward and very powerful. The basic 
steps of this method are as follows and illustrated in Figure 2 (Perry and Hayes 
1985):
- assess the range for the variables being considered, and determine the probability 
distribution most suited to that variable
- select a value for each variable within its specified range; this value should be 
randomly chosen and must take account of the probability distribution for the
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occurrence of the variable. This is usually achieved by generating the cumulative 
frequency curve for the variable and choosing a value from a random number table
- run a deterministic analysis using the combination of values selected for each one 
of the variables.
- repeat a number of times to obtain the probability distribution of the result. The 
number of iterations required depends on the number of variables and the degree of 
confidence required, but typically be between 100 and 1000.
Once the distributions of variables are identified and entered to the computer, 
the rest of the steps are performed by the computer and we are not able to follow 
these steps. We only see the resulting probability distributions.
-> group n
Figure 2. An illustration of the Monte Carlo method
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111.3. Aggregation, Disaggregation
The level of aggregation is the degree of detail which the analysis 
encompasses (Pouliquen 1970). For example, in the cost of a road, the cost of land 
clearance, earthwork, base, sub-base, and pavement can be distinguished. The cost 
of the base can be further subdivided into the costs of extracting stones, crushing 
them, transporting them, and laying them, and each of these stages can also be 
broken down. Where to stop subdividing in order to make the best risk analysis is 
the essence of the aggregation problem.
Lack of disaggregation may result in incomplete or inaccurate judgment. It 
would be easier to assign a probability distribution if the project is disaggregated to 
details, but that will take too much time and it will be very hard to make 
generalizations. Too much disaggregating also causes another problem called 
correlation which we will discuss below.
111.4. Correlations
Correlated variables, or variables which are likely to vary together appear in 
every project. An experienced professional may feel he is familiar with two separate 
variables and knows how their variations are related, without being able to describe 
their correlation. Yet, correlation is difficult to detect, and even more difficult to 
measure. Most people are not familiar with the concept since it does not have to be 
taken into consideration in the single point estimate method. (Pouliquen 1970).
It is easy to understand how correlation works. When independent variables 
are aggregated, the effect of variation in one may be offset by variation in another in
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the opposite direction. If they are positively correlated, the effect of variation in one 
will always be aggravated by variation in the others. Correlations can also be 
negative, that is, the variables may systematically offset each other. However, in 
construction projects this does not occur so often.
Limiting dissagregation, is solving the problem of correlation by eliminating it. 
If we work with the total cost of a road, we do not have to worry about the correlation 
between the cost of the base and the cost of the sub-base. The distribution we shall 
use for the cost will implicitly include this relationship. However there is a limit to the 
level of aggregation. It requires a trade-off between the advantages of clarity of 
judgment and of avoiding the hazards of dissagregation. It is a difficult choice and is 
often guided by the availability of time.
In the application chapter, Monte Carlo method will be used, by means of 
computer software Predict!. The analysis will be cost only.
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IV. APPLICATION
İn this chapter, risk analysis will be demonstrated for different scenarios, 
using a typical building construction that Yapi Proje Merkezi constructed for Ministry 
of Defense. Monte Carlo simulation will be performed by using computer software 
Predict to carry out the analysis.
IV.1. About the Contractor firm
Yapi Proje Merkezi Commerce and Industry Co. Inc. is formed by architects 
and engineers; its main office is in Mecidiyekoy, Istanbul and it has a branch office in 
Çankaya Ankara. For the last twenty five years, this company has given many 
technical services in projects and their applications. The company has erected 
dwellings, health industry buildings, business offices, administrative buildings, 
foundations, substructures and sports and tourism installations. Apart from these 
services, the company is also active in mining and tourism areas.
IV.2. Description of the project
The methodology described above is applied to five buildings constructed for 
the Turkish Navy, by Yapi Proje Merkezi, each consisting of ten flats. The estimated 
cost of construction is 3,890,000,000 TL. (1990 unit prices). The estimate consists of 
12 main headings: buildings, buildings transportation, environmental arrangement.
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environmental arrangement transportation, sewage, sewage transportation, 
underground cable channel, underground cable channel transportation, heating 
channel, heating channel transportation, mechanical installations, electrical 
installations. The first estimate of each heading is as follows:
buildings............................................................................................ 2,649,279,910 TL
buildings transportation........................................................................ 281,656,015 TL
environmental arrangement................................................................. 182,540,032 TL
environmental arrangement transportation............................................62,413,085 TL
sewage................................................................................................... 18,173,607 TL.
sewage transportation..............................................................................2,259,874 TL
underground cable channel......................................................................2,545,940 TL
underground cable channel transportation.................................................. 116,770 TL.
heating channel...................................................................................... 52,068,450 TL.
heating channel transportation................................................................. 5,628,216 TL.
mechanical installations....................................................................... 491,982,040 TL.
electrical installations............................................................................114,272,100 TL.
TOTAL......................................................................................... 3,890,000,000 TL.
Table 2.First estimate figures of the application project
Due to the reasons stated in chapter 3, we decided to disaggregate the 
project to the twelve main headings given in the first estimate.
The problem of correlations in our application is not much as the level of 
dissagregation is low. If we dissagregate the project further, then ignoring the 
variables which tend to vary together would be inevitable and this would lead to 
misleading results. Among our items transportation costs may seem to be highly 
correlated. However, this is completely wrong. The only common point these items 
share is the use of trucks. In fact the transportation items are closely related not with 
one another, but with the items just above each. For example, buildings and 
buildings transportation should be highly correlated; as the volume of materials in 
buildings increases, the volume to be transported increases, so the cost of 
transportation increases as well. At this point, we face a major shortcoming of our 
computer program. One may define correlations in three ways only: 1) The items are 
positively correlated in full, i.e., the correlation coefficient is +1, 2) The items are 
negatively correlated in full, i.e., the correlation coefficient is -1, 3) There is 
correlation between the items.
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Even if we are sure that there is a correlation between buildings and 
buildings transportation, it is not +1, because a 10% increase in the buildings cost 
may not lead to a 10% increase in the transportation cost. It might be possible to 
observe that, although an increase in the item "buildings” occurs, its transportation 
cost may decrease. One possible reason for this is that the supplier address may 
change and hence the route may get shorter and this may decrease the 
transportation cost.
IV.3. A Specific Look at the Risk Categories
It should be kept in mind that, the contract type of this project is unit price. 
So, risks of design classification become very important, because this type of 
contract provides flexibility in the volume of work to be done. Some financial risks 
due to the increase in prices of certain materials also exist. Although it seems of 
minor importance, the increase in the duration of construction, not due to the fault of 
the contractor, brings extra cost to the client; therefore "Acts of God" is another 
important risk classification category for this type of contract.
The contract of our application is a unit price contract, and the data we have 
is the estimates of the quantities. We do not know what profit does the contractor 
aimed at and what profit he realized. So it would not be appropriate to carry out this 
analysis from the contractor’s point of view. We should remember that contracts and 
therefore the risks involved are two sided. The client suffers from them as well as the 
contractor.
Let us examine the situation according to different risk groups concentrating 
on the client and considering that our contract is a unit price contract and the client is 
Ministry of Defense and is binded by Ministry of Public Works 2886 which permits an 
increase of 30% in the first estimate. Refer to Table 1 on page 11, about the 
following risk categories.
Acts of God: This risk category is not a threat for the contractor, because the 
contractor is insured for these events and this insurance is an obligation. So all 
financial losses due to acts of God will be covered by the insurance company. This 
makes us think that there is also no risk for the client; but it is not true. This kind of
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event will probably result in a loss of time as well as a loss of money. The loss of 
time can not be compensated in terms of money but if the client is expecting some 
future gains at the end of the construction, these gains will be delayed; in other 
words, they will be lost for some time. For our project this might be the case: the 
buildings will provide accommodation for officers. If accommodation can not be 
provided, than the client is supposed to offer some extra funds to these officers. This 
means extra cost and the client is expecting to get rid of this cost at the end of 
construction, but as the duration increases the client will continue to experience that 
cost. Also, the client can not penalize the contractor in case of the acts of God.
Physical: This risk category does not present a threat to the client in our case, 
because the client pays for the realized outcome at the end of the construction. In 
other words, the client does not care if the building collapses during construction or 
the excavator is damaged, he only cares about the outcome. However, this risk 
category is very important to the contractor, as he will have to compensate any 
losses incurred due to these reasons.
Construction related: This risk category again poses a threat to the contractor, since 
the client does not care if the work has stopped due to weather conditions, theft, or 
labor strikes. Therefore, the contractor should take these risks into consideration. He 
should be able to pay the penalty for being late, should be able to buy new materials 
and should be able to find new workers or negotiate with the existing ones. 
However, if the situation is extraordinary, the client may agree to increase the time 
allowance so the late penalty might not be applied.
Design: This risk category is a serious threat for the client and will be discussed in 
more detail. As the contractor will be paid for the work he will do, any change in the
design resulting in an increase in the volume of work, will bring extra cost to the 
client. Unfortunately, as the state in Turkey is very generous in terms of spending 
money, risks resulting from design are usually realized.
Financial and economic: This risk category is a threat for both the client and the 
contractor. As Turkey is a land of inflation, price increases are unavoidable. Some of 
these increases are paid to the contractor by the client. In this case the client 
experiences the risk and faces the additional cost. These are increases in prices of 
commodities such as cement, gasoline, lumber, aluminum, glass, copper etc. Yet 
some price increases are not paid to the contractor. Then the contractor experiences 
the risk and faces additional cost. Examples of these include increases in labor 
costs, equipment rents, costs of electrical equipments, generators, radiators etc. The 
contractor is protected against these price increases with the escalation procedure 
which is the updating of unit prices, but escalation is applied from year to year, 
although inflation is continuos. The general tendency is to decide on the escalation 
rate so that for the first six months of the year it is above the inflation rate, for the 
second six months below the inflation rate.
IV.4. The reasons of the changes in the first estimate
Why do changes occur in the first estimate? This question brings us back to 
the “Design” risk category. Let us have a look at each cost item and roughly try to 
find possible reasons for the changes.
Buildings:
The main reason for changes were details, such as the choice of materials. In 
our example the materials chosen were changed for some flats because admirals
were going to move there; the floor tiles is changed to parquet, the kitchen 
cupboards were changed to wood, the materials in the bathrooms were changed etc.
Yet, even a bigger change in design was experienced in this project. The first 
plan was to construct 5 blocks of 10 flats each, but then it was changed to 6 blocks 
of 8 flats each. Although the number of flats decreased from 50 to 48, the cost 
increased considerably because it is very costly to increase the number of blocks. 
This dramatic change was due to the fact that, the estimates were prepared before 
the completion of the project.
Environmental arrangement:
In fact, nothing about the environmental arrangement was known 
beforehand, the grass area, trees, route of the roads were all changed. Again some 
material changes occurred; the road material was changed from concrete to stone.
Sewage:
The height of the basement was known, say -2m, but the earth was not 
suitable there and it became necessary to go deeper. This resulted in further 
excavation and hence further cost, also a need for a pump arose which added to the 
cost. In addition to these, the length of the pipe used was increased due to the 
above reason, which again meant more money.
Underground cable channelj.
The electric supply planned to be used previously was changed due to 
technical reasons. The length of the channel was increased, increasing the cost.
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Mechanical installations:
Changes in the use of materials increased these costs. Some decrease in 
costs was experienced due to the decrease in the number of flats and hence a 
decrease in the number of radiators etc.
Electrical installations:
The electrical devices predicted to be used was reconsidered. For example, 
the use of microwave ovens and drying machines were not considered before; this 
resulted in higher electrical power requirements which necessitated the use of a 
higher cross-section cables. Also, the gallery lighting was added later on.
Transportation:
These cost items are not stated one by one because the change in these 
items were due to two main common reasons; First, as the amount of materials 
changed, the cost of transportation changed. Second, as the place the materials 
were to be taken changed, the cost of transportation changed.
IV.5. Analysis
The risks associated with these cost elements are not determined with great 
effort, since to get precise results out of this application is not the thesis objective. 
The reason for performing such an analysis is to demonstrate the concept of risk 
analysis. The probability distributions of these risk elements are found simply by 
asking an engineer from a contractor firm his subjective views about this matter. It 
would definitely yield better results if some kind of a survey were carried out among 
contractor firms doing similar jobs and the results of this survey were interpreted by
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statisticians. It would also be much more reliable if these results were combined with 
historical data. However, that is beyond the scope of this thesis.
The absence of statistical data limits the probability distributions we can use. 
Only the simple ones such as the uniform, triangular or trapezoidal can be used. 
Once the limits of each variable are determined, the selected probability distribution 
is of minor importance (Pouliquen 1970). As it can be defined skewed and it is easy 
to use, triangular distribution is preferred; so all cost elements are represented by a 
triangular distribution. This distribution is a particular case of the trapezoidal 
distribution and requires some comment. It simply reflects the fact that one is 
tempted to assign a value close to the extreme of a range a lower probability than a 
value close to the best estimate. It is only a convenient guess that this probability 
varies linearly from the value of the best estimate to the extreme value of the range, 
a guess which makes random number generation very easy. In contrast with its 
simplicity it is found to give surprisingly good results (Pouliquen 1970).
In Predict!, choosing a triangular distribution brings out the necessity of 
entering three values needed to shape the distribution.
• minimum value
• most likely value
• maximum value
The most likely value is the value given in the first estimate. The minimum 
and maximum values are given by the engineer for every risk element in terms of the 
most likely value. An illustration of the distribution assigned to variables is given in 
Figure 3.
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Figure 3. An illustration of the probability distribution for any cost element
where;
p is the most likely cost value,
a1 and a2 are the coefficients given by the engineer to obtain minimum and 
maximum values of each risk element. These values are given based on the 
engineer’s experiences and judgment.
The a1 and a2 values of each cost element is given below in Table 3:
â l a2
buildings 0.8 1.3
buildings transportation 0.9 1.8
environmental arrangement 1.0 1.5
environmental arrangement transportation 0.9 1.8
sewage 0.8 2.0
sewage transportation 0.9 1.8
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underground cable channel 
underground cable channel transportation 
heating channel 
heating channel transportation 
mechanical installations 
electrical installations
0.8
0.9
0.8
0.9
0.9
0.9
2.0
1.8
2.0
1.8
1.1
1.1
Table 3. The coefficients of each risk element which are used to obtain minimum
and maximum values
All values of risk elements are entered in Predict!. 500 iterations are carried 
out and resulting probability density function and cumulative density function are 
displayed. These graphs are very useful in the decision making process. It can be 
seen from Figure 5 that with 50% confidence the construction cost will be less than 
4,060,000,000 TL. and we are 90% confident that the construction cost will not 
exceed 4,450,000,000 TL. It can also be seen that the project cost will exceed the 
first estimate with a 75% probability.
As this project is concluded we know the total cost of construction, and it 
came out to be 4,279,000,000 TL. which corresponds to 75% confidence level.
The client in this case sees that, his first estimate will be exceeded with a 
75% probability and the expected cost of construction is 4,084,767,151 TL. 
Avoidance in this case is not applicable, because we are looking from the client’s 
point of view and the construction should be started if the client wants the buildings. 
But risk transfer seems a good way of managing the design risks. I would advice the
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client to prefer a lump sum contract so that all the design related risks will be 
transferred to the contractor.
4.56 4.80
TLx 10*^9
Figure 4. PDF of total project cost according to 1990 unit prices
Figure 5. C D F  of total project cost according to 1 99 0  unit prices
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IV.6. Further Analysis
IV.6.1. Analysis with financial risks introduced
Now let us introduce some hypothetical scenarios and develop our analysis; 
Assumptions;
• the construction is targeted to last two years
• the client will pay the project cost in two installations
• the client will pay 1,500,000,000 TL in the first year, and will pay the rest in the 
second year
• the amount of the materials the price increases of which the client suffers from 
sum up to 35% of each payment (The prices of construction materials 
continuously increase due to inflation. For some of these materials, such as, 
cement, lumber, gasoline, etc., the client has to pay for their price increases. 
Although it changes from building to building, the ratio of the cost of these 
materials to the total cost of construction is about 30-40%, therefore it is taken to
be 35%)
Now, we introduce financial risks into our application. The total cost of the 
project was given previously as a probability distribution (see Figure 4.). As the rest 
of the analysis will continue in a probabilistic manner, it is not possible to assign a 
certain value to the total cost. So we will refer to it as TC.
At this point, it is appropriate to explain the usual procedure of cost issues in 
construction business. First of all, the total cost of construction is calculated. Then 
this total cost is divided into installations (two installations in our analysis). For the 
first year, the amount of first installation is paid; at the end of the year, additional
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payment is done due to price increases of certain materials. At the beginning of 
second year, the amount of second year’s installation (as it was calculated with first 
year’s unit prices) is multiplied with a certain coefficient which Ministry of Public 
Works announces every year; in other words, the amount of payment is escalated. 
At the end of the year, additional payment due to price increases of certain materials 
is done again. This procedure goes on for each installation.
As the client will pay 1,500,000,000 TL. in the first year (ignoring the price 
increase), he will pay (TC - 1,500,000,000) TL. in the second year. However the 
actual amount of money to be paid will definitely be different due to escalation and 
price increases. Therefore a probabilistic value to escalation should be assigned to 
demonstrate the real situation, based on the figures of escalation that Ministry of 
Public Works has announced between years 1980 and 1990. Let us also assume a 
triangular distribution for the value of escalation as displayed in Figure 6 based on 
the following assumptions:
• The minimum value of escalation is expected to be 1.15
• The most likely value of escalation is expected to be 1.45
• The maximum value of escalation is expected to be 1.7
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Multiplying this escalation distribution with (TC - 1,500,000,000) TL, we 
update the prices of previous year. 35% of this is assumed to cover materials the 
price increases of which affect the client.
[(TC - 1,500,000,000) * escalation] * 0.35 TL. is the portion of cost of these 
materials which will be paid in the second year. This amount is supposed to increase 
and this increase will be covered by the client. So, some kind of price index should 
be formed. This index should cover the materials of interest like gasoline, cement, 
lumber, aluminum, glass, etc., and should reflect their possible price increase. Our 
assumption is a triangular distribution for this index based on some assumptions:
• The minimum price increase for the index is expected to be 30%
• The most likely price increase for the index is expected to be 50%
• The maximum price increase for the index is expected to be 80%
These assumptions are based on the figures of the price increases of 
construction materials that DIE has announced from years 1980 to 1990. (DIE 1991)
So the assumed distribution will look like the illustration in Figure 7.
Figure 7. The distribution of an increase of the price index composed of certain
materials
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When we multiply this price index with [(TC - 1,500,000,000) * escalation] * 
0.35, we get the cost of these materials to the client. Adding this value to [(TC -
1,500,000,000) * escalation] * 0.65 TL., gives us the amount to be paid by the client 
in second year. The results of this analysis is displayed in Figures 8 and 9.
2.7 3.3 5.1 5.7 6.3
TLx10**9
Figure 8. PDF of second year payment
Figure 9. C D F  of second year payment
46
According to our hypothetical scenario, the client expects to pay
2,390,000,000 TL. in the second year. The client would surely be aware of inflation 
and he would expect a higher amount than this, but this is what we mean by implicit 
consideration of risks. This type of risk awareness will definitely limit risk response 
leading to poor risk management. Looking at Figure 9., which shows the resulting 
cumulative density function of our hypothetical analysis, we can see that we are 75% 
confident that the second year payment will not exceed 4,800,000,000 TL. The 
expected value of second year payment is 4,383,780,611 TL.
Let us now consider the case of single point estimates instead of a 
probabilistic approach for both the price increase and the escalation values. This 
time we do not care about the minimum and maximum values but assign their most 
likely values to these variables; the escalation rate is taken to be 1.45 and the price 
increase of index is taken to be 50%. If we carry out the analysis with these values, 
our results will be deterministic instead of being probabilistic. The results of the 
analysis are displayed in figures 10 and 11.
5.2 5.6
TLx 10**9
Figure 10. P D F  o f second year paym ent with single point estim ates
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Figure 11. CDF of second year payment with single point estimates
According to our analysis with single figure estimates of the increase in the 
price index and escalation, the obtained results seem very much different from the 
previous analysis in which probabilistic values were assigned to these variables. This 
time, we are 75% confident that the second year payment will not be more than
4,750,000,000 TL. This value is less than 4,800,000,000 TL. The expected value of 
second year payment with point estimates is 4,403,797.034 TL. Comparing Figure 8 
and Figure 10, we see that, single point estimates lead to an ignorance of potential
losses and/or gains.
If we leave the single point estimate case aside, risk transfer can be an 
appropriate way of managing these financial risks. Now let us try to form a risk 
response strategy by assuming the existence of a futures market from which we can 
buy the materials of concern beforehand. Running the analysis one more time 
excluding the 35% which is subject to price increases, gives an expected cost of
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2,397,130,392 TL. Therefore if materials of concern are bought forward for less than 
1,986,650,219 TL. (4,383,780,611 - 2,397,130,392), the client will be better off. 
Notice that, the materials of concern will cost 1,290,762,519 TL. if no price increase
occurs.
IV.6.2. Analysis with acts of God risks introduced
Let us introduce another hypothetical scenario which includes the occurrence 
of a flood. As we said before. Acts of God will not bring extra costs to the client 
directly, but will lead to an increase in the duration of construction. We again need 
some assumptions to carry out the analysis:
• The Navy gives the officers a housing fee of 1,000,000 TL, in 1991
• The probability of occurrence of a flood is 20%
• A flood, if occurs, will result in a delay of 1 to 6 months (the delay due to a flood 
depends on many factors such as, the location of the building, the severity of the 
flood the phase of the construction at the time of flood, etc., but it is said to be 
between one month and six months)
The happening of a flood is represented by a discrete probability distribution 
with a flood probability of 20% and a no flood probability of 80%. This distribution will 
be superimposed on the probability distribution of the delay in case of a flood, which 
is illustrated in Figure 12. The resulting distribution will represented the probability of
a delay.
49
Figure 12. An illustration of the distribution of delay in case of a probable flood
As the buildings consist of 48 flats, a delay of 1 month will cost 48,000,000 
TL. This is not a small amount, and when we add this probabilistic cost of delay to 
our previous result, we will have the amount of money the client will pay in the 
second year in case of a hypothetical flood. This situation is presented in Figures 13 
and 14.
2.7 3.3 3.9 4.5 5.1 5.7 6.3
TLx10**9
Figure 13. P D F  o f second y ea r paym ent in case  o f a probable flood
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Figure 14. CDF of second year payment in case of a probable flood
By looking at Figure 14, we can say that we are 80% confident that the client 
will not pay more than 4,850,000,000 TL. in case of a flood. The expected value of 
second year payment in case of a flood is 4,470,162,343 TL It can also be observed 
that, the cost that the flood brings to the client due to time increase is not so much.
As the cost of a flood does not seem to be much, risk retention seems an 
appropriate strategy to follow. But there are two alternative strategies: Loss 
prevention and reduction and insurance. The problem here is to determine the 
amount that can be tolerated to follow these strategies.
Loss prevention and reduction can be done by means of constructing a wall 
to the sides of the nearby river. In this case the value to be determined is the cost of 
the construction of such a wall.
.^ 1
Insurance can be done by the agreement with an insurance company for 
compensating the cost incurred due to the happening of a flood. The problem again 
is to determine the amount of premiums that can be paid for such an insurance.
As the expected value of payment in case of a flood is 86,381,732 TL. more 
than the no flood case (4,470,162,343 - 4,383,780,611), if the wall to be built costs 
less than that, it would be appropriate to follow a loss prevention and reduction 
strategy by the construction of the wall. Similarly if the future value of the insurance 
premiums are less than 86,381,732 TL, then insurance would also be an 
appropriate strategy to follow.
A summary of the analysis performed is given in Table 4 below:
minimum value expected value maximum value
Total cost of project 3,407,686,683 TL. 4,084,767,151 TL. 4,785,664,059 TL.
(1990 unit prices)
2"'^  year payment 2,783,066,151 TL. 4,383,780,611 TL 6,176,756,753 TL.
2"'^  year payment with 3,250,221,187 TL. 4,403,797,034 TL. 5,597,950,141 TL.
point estimates
2"'’ year payment with the 2,783,066,151 TL. 4,470,162,343 TL. 6,331,371,838 TL.
probability of occurrence 
of a flood introduced
Table 4. Summary of analysis
‘¡2
V.CONCLUSION
As we saw in the application chapter, it is not so easy to have cost estimates 
beforehand, or it is better to say realistic cost estimates. The client was expecting to 
have his construction finished to a certain amount, but not surprisingly he paid a lot 
more than what he expected or let us say, what he first estimated. The client, in fact, 
knows that the total cost will definitely exceed the estimate, but he is not worried 
about it as the money he will be spending belongs to the state. In Turkey, before risk 
management, the moral corruption should be stopped first. Once this is achieved, 
clients and contractors should implement risk management strategies to their 
organizations and start a survey to assign a probability distribution to each 
aggregated cost item. Top management commitment is necessary for motivation. 
The implemented strategies should be updated with the arrival of any new 
information. In that case the client and contractor will have a better estimate of the 
costs and revenues they will experience. Some recommendations to parties involved 
in the construction industry in Turkey can be given:
• Parties should well identify risks in a systematic manner before making a contract. 
This ability of identifying potential risks will improve with practice and experience. 
Brainstorming sessions may also be useful because one may point out a potential 
risk that no one has considered.
• The potential impacts of these risks should be determined with the help of 
experienced people and historical data, for example the client may search for
5."?
past cases of flood to make a generalization about the time increase that a 
probable flood will cause.
• Parties should carry out risk analysis for different scenarios and decide on their 
counteractions.
• It is very common in Turkey that the first estimate is exceeded by some amount. 
This may be due to the lack of responsibility of people's responsibility in spending 
the money of the state. This may partially be overcome by canceling or modifying 
Ministry of Public Works 2886, which enables an increase of 30% in the first 
estimate.
• Parties should maintain a serious supervision to avoid excess usage of materials 
or time increases more than necessary.
• It is urgent to reduce risks related to design. This may be achieved by providing 
more serious work discipline and/or employment of high qualified design 
engineers.
• Parties should seek for the contractual transfer of risks, either by the type of the 
contracts they chose or by some provisions they put to their contracts.
• The guidance of a lawyer may result in substantial reduction of risk exposure.
• Parties should consider price increases and escalation in their budgeting 
decisions about the following year.
• Parties should hedge themselves against price increases. If possible (not yet in 
Turkey) they should get into futures contracts for the materials for which they will 
suffer from probable price increases.
Risk management is based on making predictions about the future, so its 
reliability depends on the validity of the assumptions we make while forming the 
model. This may put some doubt on the issue, however making some realistic 
assumptions about risk and uncertainty is surely better than totally ignoring them.
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Probability analysis by means of Monte Carlo simulation quantitatively indicates the 
impact of some risk involved in a project. Using a risk management system enables 
us to achieve risk identification, analysis and response in a systematic way. This will 
definitely help the decision making process. In fact these risks are well known by 
most construction firms, but their relative importances are not clearly defined. The 
decision makers usually form their responses to these risks in an implicit and intuitive 
manner, but a systematic approach will definitely yield better decision making and 
will minimize the overestimation, underestimation and negligence of some risks, of 
course, after complete implementation and a few applications of the method.
Risk management is new to Turkish construction industry, and it does not 
seem to be applied. Only some big construction firms are explicitly aware of the 
risks, and are in an effort to identify them and their potential impact. This effort is not 
based on any model or method; it is rather intuitive. In fact the procedure is very 
simple and the results of these analysis can be very surprisingly helpful in terms of 
decision making.
The initial range of purposes of risk analysis may be limited, but its benefits 
will get clearer in the long run. These benefits include better and more detailed 
perception of risk, their effects on projects, and their interactions; better planning 
and selection of responses to those risks which occur; feedback into the desigti and 
planning process to prevent or avoid risks; information at the construction site about 
managing the impacts of these risks; and as a result of these an overall reduction in 
the project’s risk exposure and more importantly, increased confidence in better 
decision making and improved risk management.
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Pn-dirti takes a different value of each variable given above (TL*10**6), for each iteration, to form the following 
graph Therefore. 500 iterations result in 500 total cost values. The result of each iteration is presented below.
3,84 4.00 4,32 4,5f. 4,80
Tt.. K I O · ' 9
.59
5 0 0  IT E R A T IO N  V A L U E S  O F  T O T A L  C O S T  (IN  M IL L O N S  T L .)
1 3,804 41 4,145 81 3,962 121 4,002 161 3,648
2 4,328 42 4,026 82 4,198 122 4,347 162 3,408
3 4,512 43 4,038 83 4,036 123 3,782 163 3,937
4 4,284 44 3,872 84 4,566 124 4,043 164 3,599
5 4,002 45 3,600 85 4,262 125 4,181 165 3,874
6 4,213 46 3,717 86 3,534 126 4,177 166 4,125
7 3,999 47 3,795 87 3,645 127 4,022 167 3,970
8 3,927 ^ 48 3,934 88 3,727 128 4,264 168 4,303
9 3,948 49 4,256 89 3,877 129 4,093 169 4,405
10 4,783 50 4,379 90 3,843 130 4,708 170 4,328
11 4,500 51 4,048 91 3,694 131 4,301 171 3,994
12 4,131 52 4,204 92 4,578 132 4,098 172 3,731
13 4,104 53 3,682 93 4,268 133 4,717 173 4,242
14 4,143 54 4,150 94 3,839 134 4,044 174 4,020
15 4,140 55 4,216 95 4,417 135 4,176 175 4,182
16 4,030 56 3,917 96 3,846 136 3,805 176 4,314
17 4,337 57 3,581 97 4,190 137 4,266 177 4,382
18 4,105 58 3,825 98 3,858 138 3,752 178 4,097
19 4,347 59 4,171 99 4,193 139 3,765 179 3,855
20 4,380 60 3,771 100 3,808 140 3,777 180 4,505
21 3,718 61 4,027 101 4,560 141 3,924 181 4,161
22 4,121 62 4,139 102 4,535 142 4,422 182 4,327
23 3,593 63 3,958 103 3,998 143 3,992 183 3,915
24 4,544 64 3,915 104 3,851 144 3,893 184 4,124
25 3,975 65 4,146 105 4,094 145 4,106 185 4,012
26 4,647 66 3,981 106 4,194 146 3,791 186 4,133
27 3,663 67 4,110 107 4,345 147 4,279 187 4,573
28 3,734 68 3,647 108 3,920 148 3,789 188 4,072
29 4,670 69 4,016 109 4,185 149 4,302 189 3,980
3Ö 4,557 70 3,945 110 4,276 150 4,703 190 4,293
31 4,326 71 4,119 111 3,544 151 3,785 191 4,361
32 3,854 72 3,697 112 3,760 152 3,729 192 ' 3,995
33 4,583 73 3,714 113 3,435 153 4,472 193 3,566
34 4,086 74 4,153 114 4,089 154 4,233 194 4,611
35 4,180 75 3,822 115 4,253 155 4,477 195 4,305
36 4,236 76 3,946 116 4,436 156 4,114 196 4,429
37 4,351 77 ^4.111 117 4,259 157 4,477 197 3,759
38 3,801 78 4,034 118 3,718 158 4,261 198 4,448
39 4,252 79 3,881 119 4,255 159 4,122 199 4,462
40 3,958 80 4,199 120 4,081 160 4,120 200 4,161
60
201 4,312 242 4,110 283 3,820 324 4,102 365 4,030
202 4,551 243 3,751 284 4,396 325 4,097 366 4,495
203 4,291 244 4,009 285 3,891 326 3,927 367 3,904
204 4,059 245 4,615 286 4,268 327 3,819 368 3,705
205 3,919 246 3.809 287 4,060 328 4,257 369 3,685
206İ 4,125 247 3,559 288 4,142 329 3,963 370 3,795
207 4,290 248 4,097 289 4,373 330 4,237 371 3,841
208 3,750 249 3,945 290 3,914 331 4,053 372 3,673
209 3.803 250 3,865 291 3,744 332 4,022 373 3,882
210 4.353 251 4,312 292 3,861 333 4,347 374 4,008
211 4,299 252 4,145 293 3,930 334 3,952 375 4,051
212 4,107 253 4,382 294 4,625 335 4,718 376 3,862
213 4,019 254 3,867 295 4,345 336 4,107 377 4,303
214 4,173 255 4,474 296 3,989 337 4,103 378 4,080
215 4,354 256 3,855 297 3,796 338 4,558 379 3,997
216 4,159 257 4,414 298 4,009 339 4,529 380 3,928
217 4,143 258 4,179 299 3,899 340 4,130 381 4,713
218 3.787 259 3,852 300 4,320 341 3,925 382 4,207
219 4,404 260 4,248 301 3,967 342 4,109 383 4,397
220 3.680 261 3,929 302 3,561 343 3,913 384 4,021
"221 3,809 262 4,630 303 4,579 344 3,801 385 4,504
222 4,489 263 4,384 304 3,989 345 4,168 386 4,567
223 4.464 264 4,786 305 4,336 346 3,889 387 4,028
224 3,665 265 4,319 306 4,118 347 4,005 388 4,174
225
226 ;
3,791 266 3,582 307 4,116 348 4,178 389 4,508
4,479 267 4,004 308 4,002 349 3,821 390 3,775
227 4,105 268 3,813 309 3,841 350 4,343 391 4,124
228 3,897 269 3,601 310 4,064 351 4,454 392 3,925
229 4,489 270 4,082 311 4,185 352 4,471 ' 393 3,774
230 3,750 271 4,166 312 4,083 353 4,553 394 3,971
231 4,125 272 4,038 313 4,328 354 3,897 395 4,201
232 4,127 273 4,004 314 3,939 355 4,034 396 4,287
233 3,786 274 3,832 315 4,128 356 3,645 397 4,030
234 4,317 275 4,253 316 4,165 357 3,782 398 4,255
235 3.598 276 4,022 317 4,366 358 3,824 399 4,291
236 4,519 277 3,965 318 3,727 359 3,774 400 4,132
237 3,877 278 3,993 319 4,244 360 4,277 401 3,969
238 4.009 279 4,121 320 4,331 361 3,902 402 3,433
239 4,102 280 3,966 321 4,091 362 4,422 403 4,457
240 4,105 281 3,619 322 3,922 363 4,458 404 4,485
241 4.599 282 3,728 323 4,257 364 4,024 405 4,025
61
406 3,970 425 3,817 444 3,630 463 4,332 482 3,661
407 4,035 426 4,005 445 3,911 464 3,785 483 3,989
408 4,302 427 4,198 446 4,025 465 3,885 484 3,819
409 4,307 428 4,062 447 4,243 466 4,354 485 3,469
410 3,882 429 4,049 448 3,929 467 4,095 486 4,033
411 4,146 430 4,554 449 3,998 468 4,066 487 3,721
412 3,864 431 4,248 450 3,988 469 3,750 488 3,849
413 3,610 432 4,510 451 4,122 470 4,383 489 4,049
414 4,035 433 4,652 452 4,251 471 4,138 490 4,222
415 4,221 434 3,932 453 3,664 472 4,228 491 4,263
416 4,057 435 4,327 454 3,725 473 4,312 492 4,273
417 4,267 436 4,669 455 3,796 474 3,835 493 4,070
418 4,171 437 4,260 456 4,141 475 3,945 494 4,132
419 4,076 438 3,656 457 3,635 476 4,031 495 4,200
420 3,630 439 4,551 458 4,259 477 4,152 496 4,106
421 4,264 440 3,908 459 3,649 478 4,308 497 4,590
422 4,359 441 4,172 460 3,877 479 3,622 498 3,924
423 3,994 442 4,227 461 4,142 480 3,987 499 4,106
424 4,315 443 4,180 462 3,874 481 3,808 500 3,947
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5 0 0  IT E R A T IO N  V A L U E S  O F  S E C O N D  Y E A R  P A Y M E N T  (IN  M IL L O N S  T L .)
1 3,619 41 4,308 81 3,532 121 4,236 161 3,026
2 5,283 42 4,487 82 4,775 122 5,326 162 3,322
3 5,370 43 4,501 83 4,271 123 3,219 163 4,505
4 4,555 44 4.021 84 4,475 124 4,067 164 3,575
5 4,581 45 3,529 85 4,465 125 4,801 165 4,001
6 4,894 46 3,967 86 3,525 126 4,911 166 4,120
7 4,854 47 4,153 87 3,080 127 4,109 167 4,410
8 4,145 48 4,224 88 3,703 128 4,818 168 4,499
9 4,008 49 5,237 89 4,245 129 4,219 169 4,229
10 5,146 50 4,078 90 3,906 130 5,305 170 4,394
11 5,139 51 4,625 91 3,117 131 5,006 171 4,115
12 3,894 52 4,708 92 4,885 132 4,014 172 3,540
13 4,939 53 3,818 93 5,192 133 5.613 173 4,731
14 4,201 54 4,008 94 3,729 134 4,351 174 4,137
15 4,498 55 4,287 95 5,193 135 4,568 175 4,356
16 4,232 56 3,806 96 3,362 136 3,589 176 4,841
17 5,290 57 3,658 97 "  4,539 137 5,032 177 4,609
18 4,584 58 3,519 98 4,238 138 3,893 178 4,154
19 4,549 59 4,285 99 4,919 139 3,718 179 3,911
20 4,291 60 3,681 ioo 3,556 140 3,642 180 4,992
21 3,120 61 4,091 101 5,422 141 4,510 181 4,945
22 3,895 62 3,982 102  ^ 5,362 142 4,818 182 4,785
23 3,979 63 4,624 103 4,349 143 3,701 183 4,169
24 5.072 64 4,105 104 4,221 144 4,514 184 4,306
25 4,235 65 3,785 105 4,957 145 4,689 185 4,319
26 5,926 66 4,To~6 106 4,292 146 3,970 186 4,003
27 3,808 67 4,273 107 4,693 147 4,427 187 4,806
28 3,051 68 3,516 108 4,079 148 3,404 188 4,267
29 5.545 69 4,892 109 3,938 149 4,614 189 4,062
30 5,171 70 4,506 110 5,097 150 5,930 190 4,679
31 5,428 71 3,715 111 3,496 151 4,057 191 4,357
32 4,404 72 3,966 112 3,742 152 3,189 192 4,553
33 5,378 73 3,595 113 3,049 153 5,261 193 3,735
34 4,188 74 4,237 114 3,838 154 4,301 194 6,057
35 5,070 75 4,343 115 4,448 155 4,822 195 5,255
36 4,627 76 3,704 116 5,366 156 4,075 196 4,620
37 5,176 77 5,463 117 4,701 157 4,980 197 4,505
38 4,010 78 4,004 118 3,591 158 4,632 198 4,836
39 4,811 79 4,022 119 5,315 159 4,684 199 5,320
40 4,469 80 4,719 120 4,373 160 4,908 200 5,052
63
201 5,320 242 4,466 283 4,653 324 4,650 365 4,831
202 5,576 243 3,918 284 5,314 325 4,450 366 5,456
203 4,138 244 3,894 285 3,913 326 3,575 367 4,539
204 4,044 245 4,770 286 5,107 327 3,851 368 3,802
205 4,418 246 3,355 287 4,481 328 4,625 369 3,776
206 4,588 247 3,385 288 4,587 329 3,851 370 3,676
207 4,739 248 3,546 289 4,749 330 4,049 371 4,074
208 3,685 249 4,184 290 4,232 331 3,854 372 3,593
209 3,995 250 3,774 291 3,340 332 4,035 373 3,661
210 4,692 251 4,658 292 3,851 333 5,104 374 4,876
211 5,191 252 4,415 293 4,603 334 3,801 375 3,706
212 4,525 253 4,424 294 4,502 335 6,154 376 4,154
213 4,335 254 4,294 295 4,576 336 4,581 377 5,317
214 5,358 255 5,747 296 4,680 337 4,804 378 4,690
215 4,782 256 3,905 297 4,302 338 5,670 379 4,164
216 4,655 257 5,781 298 4,150 339 5,135 380 3,980
217 4,848 258 4,699 299 3,748 340 4,461 381 6,071
218 3,320 259 3,676 300 4,891 341 4,342 382 4,966
219 4,636 260 4,535 301 4,054 342 4,633 383 5,138
220 3,587 261 4,194 302 3,035 343 4,255 384 4,140
221 4,425 262 5,757 303 4,498 344 3,655 385 5,372
222 5,528 263 5,469 304 3,675 345 5,024 386 4,521
223 4,235 264 6,177 305 Г4,398 346 3,811 387 4,582
224 3,857 265 4,476 306 4,208 347 4,359 388 4,656
225 3,635 266 3,864 307 4,447 348 4,151 389 5,595
226 4,443 267 4,798 308 5,046 349 4,438 390 3,292
227 5,381 268 3,751 309 4,206 350 5,524 391 4,944
228 3,591 269 3,572 310 4,567 351 4,789 392 4,278
229 4,787 270 4,667 311 3,767 352 4,891 393 3,970
230 4,129 271 4,519 312 4,717 353 4,386 394 4,655
231
232
4,986 272 3,873 313 5,068 354 3,748 395 5,646
4,489 273 4,325 314 4,090 355 4,264 396 4,503
233 3,453 274 3,855 315 4,349 356 3,524 397 3,956
234 5,327 275 4,617 316 3,723 357 3,629 398 4,933
235 3,182 276 4,327 317 5,031 358 3,885 399 4,919
236 5,439 277 4,396 318 4,126 359 3,794 400 4,492
237 4,144 278 3,699 319 4,671 360 4,742 401 3,891
238 4,542 279 4,195 320 4,475 361 4,095 402 3,330
239 4,712 280 4,195 321 4,270 362 4,516 403 5,113
240 4,849 281 3,290 322 3,635 363 4,060 404 5,254
241 4,908 282 3,513 323 4,034 364 3,983 405 4,243
64
406 4,167 425 3,418 444 3,916 463 5,360 482 4,070
407 4,734 426 4,527 445 4,248 464 3,531 483 3,936
408 5,072 427 5,431 446 4,264 465 4,018 484 3,600
409 4,091 428 4,880 447 4,028 466 5,267 485 2,783
410 3,568 429 3,565 448 3,872 467 3,821 486 4,647
411 4,271 430 5,103 449 4,174 468 4,851 487 4,126
412 3,718 431 5,135 450 4,352 469 4,368 488 4,164
413 3,815 432 4,703 451 4,611 470 4,222 489 4,075
414 4,601 433 5,652 452 4,713 471 4,445 490 4,301
415 4,522 434 3,951 453 3,784 472 5,449 491 4,696
416 4,212 435 5,665 454 3,646 473 4,877 492 4,493
417 4,869 436 5,051 455 3,794 474 3,492 493 4,444
418 4,579 437 4,868 456 4,422 475 4,395 494 4,438
419 3,647 438 3,703 457 3,885 476 4,406 495 5,131
420 3,282 439 4,534 458 4,662 477 4,578 496 4,919
421 4,197 440 4,274 459 3,815 478 5,104 497 5,088
422 5,120 441 4,145 460 4,399 479 4,061 498 4,453
423 3,804 442 4,853 461 4,860 480 3,756 499 3,909
424 4,067 443 4,384 462 4,774 481 3,536 500 4,546
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5 0 0  IT E R A T IO N  V A L U E S  O F  S E C O N D  Y E A R  P A Y M E N T  IN C A S E  O F  A  P R O B A B L E
1 3,828 41 4,308 81 3,532 121 4,236 161 3,265
2 5,467 42 4,487 82 4,775 122 5,537 162 3,443
3 5,370 43 4,501 83 4,271 123 3,437 163 4,766
4 4,555 44 4,193 84 4,616 124 4,277 164 3,797
5 4,581 45 3,629 85 4,465 125 4,983 165 4,111
6 5,030 46 4,136 86 3,525 126 4,911 166 4,120
7 4,854 47 4,153 87 3,271 127 4,109 167 4,495
8 4,211 48 4,366 88 3,703 128 4,818 168 4,499
9 4,127 49 5,404 89 4,476 129 4,219 169 4,367
10 5,333 50 4,224 90 4,079 130 5,484 170 4,549
11 5,339 51 4,747 91 3,117 131 5,006 171 4,312
12 4,050 52 4,708 92 5,024 132 4,150 172 3,540
13 5,076 53 3,818 93 5,308 133 5,613 173 4,731
14 4,201 54 4,108 94 3,983 134 4,567 174 4,137
15 4,660 55 4,287 95 5,193 135 4,568 175 4,356
16 4,232 56 3,806 96 3,362 136 3,752 176 4,841
17 5,394 57 3,658 ' 97 4,728 137 5,032 177 4,801
18 4,584 58 3,660 98 4,238 138 3,893 178 4,154
19 4,625 59 4,483 99 4,919 139 3,718 179 3,911
20 4,291 60 3,681 100 3,556 140 3,869 180 4,992
21 3,229 61 4,091 101 5,555 141 4,510 181 4,945
22 3,895 62 3,982 102 5,536 142 4,818 182 4,785
23 4,157 63 4,737 103 4,495 143 3,803 183 4,169
24 5,072 64 4,105 104 4,337 144 4,514 184 4,306
25 4,235 65 3,785 105 4,957 145 4,689 185 4,319
26 6,120 66 4,106 106 4,292 146 3,970 186 4,003
27 3,808 67 4,458 107 4,693 147 4,427 187 4,806
28 3,051 68 3,593 108 4,187 148 3,404 188 4,437
29 5,692 69 4,892 109 4,156 149 4,722 189 4,062
30 5,17l' 70 4,506 110 5,236 150 6,080 190 4,679
31 5,428 71 3,924 111 3,658 151 4,272 191 4,511
32 4,602 72 4,131 112 3,742 152 3,189 192 4,727
33 5,471 73 3,688 113 3,205 153 5,408 193 3,735
34 4,188 74 4,237 114 4,045 154 4,432 194 6,234
35 5,070 75 4,343 115 4,448 155 4,822 195 5,385
36 4,627 76 3,704 116 5,560 156 4,152 196 4,620
37 5,420 77 5,620 117 4,888 157 5,244 197 4,505
38 4,232 78 4,227 118 3,591 158 4,758 198 4,836
39 4,940 79 4,201 119 5,315 159 4,684 199 5,320
40 4,589 80 4,876 120 4,373 160 5,161 200 5,252
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201 5,432 242 4,617 283 4,807 324 4,854 365 4,831
202 5,732 243 4,079 284 5,524 325 4,582 366 5,456
203 4,138 244 3,894 285 4,103 326 3,782 367 4,662
204 4,139 245 5,006 286 5,350 327 3,851 368 3,802
205 4,536 246 3,355 287 4,659 328 4,854 369 3,776
206 4,588 247 3,529 288 4,807 329 3,851 370 3,676
207 4,739 248 3,644 289 5,016 330 4,243 371 4,262
208 3,685 249 4,184 290 4,232 331 3,854 372 3,850
209 4,190 250 3,935 291 3,340 332 4,238 373 3,807
210 4,692 251 4,766 292 4,000 333 5,104 374 4,966
211 5,331 252 4,592 293 4,754 334 3,984 375 3,881
212 4,525 2İ53 4,424 294 4,602 335 6,331 376 4,285
213 4,421 254 4,417 295 4,576 336 4,691 377 5,317
214 5,358 255 5,747 296 4,680 337 4,804 378 4,888
215 5,019 256 3,905 297 4,459 338 5,670 379 4,338
216 4,655 257 5,781 298 4,150 339 5,306 380 3,980
217 4,952 258 4,895 299 3,748 340 4,608 381 6,071
218 3,577 259 3,676 300 4,891 341 4,608 382 5,186
219 4,636 260 4,650 301 4,203 342 4,633 383 5,138
220 3,587 261 4,435 302 3,248 343 4,449 384 4,140
221 4,425 262 5,860 303 4,700 344 3,655 385 5,372
222 5,711 263 5,469 304 3,675 345 5,024 386 4,673
223 4,235 264 6,269 305 4,398 346 4,065 387 4,694
224 4,084 265 4,638 306 4,208 347 4,597 388 4,870
225 3,635 266 3,864 307 4,640 348 4,151 389 5,789
226 4,443 267 4,930 308 5,046 349 4,438 390 3,506
227 5,476 268 3,751 309 4,309 350 5,718 391 5,170
228 3,591 269 3,572 310 4,567 351 4,789 392 4,415
229 4,787 270 4,667 311 3,972 352 4,891 393 4,179
230 4,399 271 4,721 312 4,988 353 4,612 394 4,800
231 4,986 272 3,873 313 5,068 354 3,748 395 5,840
232 4,489 273 4,325 314 4,245 355 4,415 396 4,627
233 3,453 274 3,855 315 4,349 356 3,798 397 3,956
234 5,543 275 4,617 316 3,802 357 3,629 398 4,933
235 3,182 276 4,502 317 5,031 358 3,972 399 4,919
236 5,439 277 4,480 318 4,311 359 3,794 400 4,492
237 4,402 278 3,699 319 4,671 360 4,742 401 4,073
238 4,542 279 4,288 320 4,475 361 4,095 402 3,523
239 4,930 280 4,441 321 4,477 362 4,766 403 5,113
240 4,849 281 3,440 322 3,635 363 4,060 404 5,415
241 4,908 3,513 323 4,034 364 4,176 405 4,385
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406 4,362 425 3,418 444 3,916 463 5,509 482 4,198
407 4.734 426 4,527 445 4,473 464 3,531 483 4,124
408 5,269 427 5,674 446 4,401 465 4,018 484 3,742
409 4,167 428 4,880 447 4,219 466 5,530 485 2,783
410 3,568 429 3,565 448 4,036 467 4,033 486 4,647
411 4,446 430 5,208 449 4,403 468 4,851 487 4,126
412 3,718 431 5,285 450 4,517 469 4,440 488 4,164
413 3,815 432 4,703 45İ 4,611 470 4,222 489 4,075
414 4,601 433 5,880 452 4,864 471 4,653 490 4,498
415 4,699 434 4,120 453 3,784 472 5,567 491 4,849
416 4,212 435 5,830 454 3,817 473 4,877 492 4,493
417 4,869 436 5,224 455 3,794 474 3,492 493 4,607
418 4,685 437 5,079 456 4,422 475 4,515 494 4,438
419 3,732 438 3,703 457 4,042 476 4,540 495 5,131
420 3,426 439 4,534 458 4,662 477 4,766 496 5,101
421 4,197 440 4,274 459 3,815 478 5,104 497 5,088
422 5,241 441 4.145 460 4,641 479 4,243 498 4,636
423 4,015 442 5,105 461 4,860 480 3,935 499 4,061
424 4,251 443 4,384 462 4,774 481 3,536 500 4,546
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